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Host genetic factors play an important role in the HIV epidemic dynamics, and have been considered in
studies assessing susceptibility/resistance to HIV-1 infection as well as clinical evolution. Class I and
Class II HLA alleles have been associated with the heterogeneity of HIV-1 infection susceptibility, as
protective or risk factors for HIV-1 transmission. Moreover, a 32-base pair deletion in the HIV-1 CCR5
gene-coding region confers resistance to HIV-1 infection in homozygous individuals for the deleted
allele.

In this study, DNA samples from HIV-1 infected and uninfected injecting drug users (IDUs) from Rio
de Janeiro were PCR amplified to determine CCR5 genotypes based on the presence of the CCR5A32
mutation and typed for the HLA-B locus, in an attempt to assess possible associations between these
genetic factors and susceptibility/resistance to HIV-1 infection.

The distribution of CCR5 genotypes between the two IDU groups did not differ. The homozygous
mutant genotype A32/A32 was not found in this study. Except for HLA-B*45 (4.0% vs. 3.0%; p = 0.04) and
for B*51 (12.1% vs. 4.4%; p =0.002), no statistically significant differences were made evident when
analyzing the frequencies of each HLA-B allele between Caucasian and non-Caucasian IDUs. The most
frequent HLA-B alleles were B*15; B*35; B*44 and B*51. Although some differences in the allele
frequencies could be observed between the two IDU groups, none of these was statistically significant.
Therefore, no putative association between these genetic markers and susceptibility/resistance to HIV-1
infection could be made evident in the present study. So far, the assessment of genetic markers among
the IDU population has been restricted to North American, European, and Asian studies and this report
represents a pioneer descriptive study of the distribution of CCR5 genotypes and HLA-B alleles in Rio de
Janeiro, Brazil.
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1. Introduction families of host’s genes—chemokine receptor CCR5 and Major

Histocompatibility Complex (MHC) shown to be associated with

Several studies have been investigating the influence of host
genetic factors in the dynamics of HIV epidemic. Together with
viral characteristics, infectious cofactors, individual behaviors and
environment factors, host genetics can be considered an important
agent affecting HIV-1 susceptibility and disease progression
(Royce et al., 1997; MacDonald et al., 2000). The considerable
heterogeneity in the AIDS epidemic is at least partially determined
by genetic variations associated with virus replication and
immunity (O’Brien & Nelson, 2004). In addition to the two major
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HIV transmission and disease progression (reviewed by Theodorou
etal., 2003), other polymorphisms related to CCR2, CX3CR1, SDF-1,
MIP-1A, MIP-1B, RANTES, IL-10 and IL-4 have already been
described (reviewed by Telenti, 2005).

In some ethnic groups (e.g. Caucasians), a naturally occurring
mutation was detected in the CCR5 co-receptor, called CCR5A32. It
consists of a 32-base pair deletion in the HIV-1 CCR5 gene coding
region, leading to the production of a truncated protein that is not
transported to the cell surface, and, therefore, confers resistance to
HIV-1 infection in individuals homozygous for the deleted allele
and partial protection against HIV-1 for disease progression in
heterozygotes (Dean et al., 1996; Liu et al., 1996; Samson et al.,
1996; Huang et al., 1996; Marmor et al., 2001; reviewed by Sullivan
et al,, 2001).

The MHC contains the most polymorphic loci in humans, the
HLA Class I and Class Il genes — whose products are fundamental to
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acquired immune responses — constituting important host genetic
risk factors for infectious diseases, with associations over a
hundred different diseases (reviewed by Trachtenberg & Erlich,
2001; Carrington & O’Brien, 2003). Due to the extensive
polymorphism of HLA genes in the population, the immune
response against a pathogen tends to vary among individuals.

Several Class I and Class Il HLA alleles have been associated with
the heterogeneity of HIV-1 infection susceptibility, as protective or
risk factors for HIV-1 transmission. HLA Class I B35 allele has been
associated with resistance to infection in a cohort of HIV-exposed
but uninfected Gambian sex-workers (Rowland-Jones et al., 1995).
A protective association in a group of African sex-workers from
Nairobi include the HLA-A2-A*6802 supertype, while a susceptible
association was found for HLA-A*2301 (MacDonald et al., 2000).
Protection against HIV-1 infection was associated with the
presence of alleles B*44 and B*55 in HIV-1 infected patients in
Argentina, whereas B*18 and B*39 had a suggested role in
susceptibility to HIV-1 infection (de Sorrentino et al., 2000).
Among HIV-1 positive Italian patients, a higher frequency of HLA-
A2 has been reported, while HLA-B52 was decreased, acting as risk
and protective factors, respectively (Fabio et al., 1990). Moreover,
alleles such as HLA-B*57, HLA-B*27 and HLA-B*51 are associated
with successful control of HIV infection and disease progression
(Goulder & Watkins, 2008).

Recently, Kiepiela et al. (2004) investigated the contribution of
different HLA Class I molecules within the CD8+ T-cell activity
directed against HIV, and reported that a substantially greater
selection pressure is imposed on HIV-1 by HLA-B alleles than by
HLA-A, indicating that the principal focus of HIV-specific activity is
at the HLA-B locus. This evidence reinforces the relevance of the
study and characterization of the distribution of these alleles, since
HLA-B gene frequencies in the population are those likely to be
most influenced by HIV disease (Kiepiela et al., 2004).

In previous papers we analyzed a population of 608 IDUs from
Rio de Janeiro, Brazil, assessing socio-demographic and behavioral
data, as well as estimating incidence and seroprevalence of HIV-1
infection in such population (Teixeira et al., 2004; Hacker et al.,
2005). In the present study we extend these analyses assessing the
distribution of CCR5 genotypes (with focus on the investigation of
A32 mutation occurrence) and the frequency of the different HLA
Class I B alleles in an attempt to assess possible associations
between these genetic factors and susceptibility/resistance to HIV-
1 infection in the IDU population.

2. Material and methods
2.1. Study group

Injecting drug users (including both active and former IDUs)
from Rio de Janeiro were recruited from September 1999 to
December 2001, as part of a multicenter study (WHO Multicenter
Study Phase II). After signing an informed consent form, the
individuals were interviewed using a standard questionnaire
addressing socio-demographic data, sexual and injecting risk
behaviors, and information on the ethnic background and health
status of interviewees (Hacker et al., 2005). Information about
blood samples collection and storage, as well as determination of
HIV serostatus, CD4 counts, viral load and DNA extraction were
described elsewhere (Teixeira et al., 2004).

2.2. CCR5 genotyping

DNA samples from 48 HIV-1 seropositive and 558 HIV-1
seronegative IDUs were PCR amplified in order to determine CCR5
genotypes based on the presence of the CCR5A32 mutation.
Primers were used to amplify a 182 bp fragment of the wild-type

allele and a 150 bp fragment of the mutant allele, according to the
PCR protocol described by Grimaldi et al. (2002). The amplified
fragment corresponded to positions 547-729 of the human CCR5
gene (GenBank accession number: U95626), covering the A32
mutation region. Cycling conditions were: 1 cycle 94 °C 5 min; 30
cycles 94 °C 1 min, 60 °C 30s, 72 °C 2 min; 1 cycle 72 °C 10 min.
The PCR amplified products (10 wl) were submitted to electro-
phoresis on 12% polyacrilamide gel (200 V; 3 h 30’) and visualized
by UV trans-illumination. The CCR5/CCR5 wild-type genotype was
detected by a single band of 182 bp while the heterozygote
genotype CCR5/A32 was detected by 182 and 150 bp bands; and
the homozygous mutant genotype A32/A32 by a single band of
150 bp.

2.3. HLA Class I B alleles typing

In order to type HLA-B alleles at allele group level, we used a
combination of two commercial kits (INNO-LiPA HLA-B Multiplex
Plus and INNO-LiPA HLA-B Update Plus, INNOGENETICS, Ghent,
Belgium). The first one is intended for the nucleic acid amplifica-
tion of the second to the fourth exon of HLA-B locus. DNA samples
from 48 HIV-1 seropositive and 207 HIV-1 seronegative IDUs were
PCR amplified according to the manufacturer’s protocol. After this
step, using the second kit, the PCR products were submitted to a
hybridization assay, based on the line probe assay methodology.
The identification of HLA-B alleles was performed by means of the
LiRAS interpretation software for LiPA HLA v5.00 (INNOGENETICS,
Ghent, Belgium).

2.4. Statistical analyses

HLA-B allele frequencies and genotypes were estimated by
using the computer package PyPop (Lancaster et al., 2003).
Deviations from Hardy-Weinberg equilibrium were calculated
by using the method of Guo & Thompson (1992), also performed
using PyPop. The frequencies of each HLA-B allele were compared
between HIV-1-positive individuals and control subjects, as well as
between the IDU population here studied and the Brazilian
population data available at MHC database (see below), and p-
values were calculated using Chi-square tests (or Fisher’s exact
tests, when appropriate), by means of the statistics program Epi
Info Version 6 (Dean et al., 1995). Putative differences in the
distribution of CCR5 genotypes between the two IDU groups were
assessed in the same way.

The Brazilian population HLA-B allele frequency data were
collected from the Major Histocompatibility Complex Database—
dbMHC (Kitts et al., 2003), using the integrated resource
anthropology/allele frequencies of the International Histocompat-
ibility Working Group (IHWG) Projects available at this database
(http://www.ncbi.nlm.nih.gov/mhc).

3. Results

The IDU population included in this study had a mean age of
37.1 (+/-9.9) years old and was composed by 47.1% of Caucasians,
35.7% of Mestizos (Biracial), and 17.2% of Black individuals. The
HIV-1 positive IDU group included 37.5% of Caucasians, 37.5% of
Mestizos, and 25.0% of Black individuals, whereas in the IDU HIV-1
negative group 49.3% were Caucasians, 35.3% Mestizos and 15.4%
Black individuals. Although the proportion of Mestizos and Black
individuals was higher in the HIV-1-positive group compared to
the negative one, no statistically significant difference was found
(p=0.771 and p=0.115, respectively). Gender differences
(p=0.010) were, however, observed in the proportion in the
HIV-1 positive (81.3%) and HIV-1 negative (93.7%) IDU groups.
Overall, 91.0% of the individuals included in the IDU group were
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males, 64.3% were single, and 43% with 1-8 years of education
(Hacker et al., 2005). HIV-HCV co-infection was detected in 16.8%
of the IDUs included in this study (Oliveira et al., 2009).

In relation to the CCR5 genotyping, almost all (46 in 48) HIV-1
seropositive IDUs were homozygous (95.8%) for the wild-type
allele (CCR5/CCR5 genotype), with only 2 individuals with one
mutant allele (4.2%), which characterizes the heterozygote
genotype CCR5/A32. Frequency of the A32 allele in this group
was 0.021. In the control group, 522 individuals (93.6%) have the
CCR5/CCR5 genotype and 36 (6.4%) showed the CCR5/A32
genotype. Frequency of the A32 allele in this group was 0.032.
The homozygous mutant genotype A32/A32 was not found in this
study. The distribution of CCR5 genotypes between the two IDU
groups did not differ (p = 0.75), precluding any further assessment
of the putative association between specific CCR5 genetic profiles
and susceptibility to HIV-1 infection. We analyzed the CCR5
genotypes distribution considering the ethnic background of the
IDUs, but no statistically significant association was detected.

Due to the miscegenation of the Brazilian population, we first
analyzed the frequencies of each HLA-B allele between Caucasian
and non-Caucasian (Mestizos and Black individuals) IDUs (data not
shown). Except for HLA-B*45 (4.0% vs. 3.0%; p = 0.04) and for B*51
(12.1% vs. 4.4%; p = 0.002), no statistically significant differences
were made evident. In consequence, the frequencies of HLA-B
alleles are presented as a whole, irrespective of the ethnic
background when comparing HIV-1 seropositive and HIV-1
seronegative IDU groups (Table 1). For the alleles HLA-B*45 and
HLA-B*51 the frequencies for HIV seropositive and HIV seronega-
tive groups were, respectively, evaluated for Caucasian and for
non-Caucasian individuals, as follows: B*45 (0% HIV—, Caucasian
vs. 2.8% HIV+, Caucasian [p = 0.150]; 3.3% HIV—, non-Caucasian vs.
1.7% HIV+, non-Caucasian [p = 0.689]); B*51 (12.7% HIV—, Cauca-
sian vs. 8.3% HIV+, Caucasian [p=0.721]; 4.3% HIV—, non-
Caucasian vs. 5.0% HIV+, non-Caucasian [p = 0.732]).

Overall, deviation from Hardy-Weinberg equilibrium was not
observed in the distribution of HLA-B genotypes in this IDU
population (data not shown). In general, the most frequent HLA-B
allele found in this study was B*15, with 17.7% of prevalence in
HIV-1-positive group and 12.3% in the control group, followed by
B*35 (7.3% and 9.9%); B*44 (9.4% and 8.5%, respectively) and B*51
(6.3% and 8.5%). Considering the results of the two IDU groups
together (N =255), independent of the ethnic background, these
four more common alleles accounted for 39.3% of HLA-B overall
frequency; another 14 middle frequent alleles with frequencies
ranging from 2% to 6% accounted for 49.4% allele frequency and the
remaining 12 alleles were considered rare, with frequencies lower
than 2%, accounting for 11.3% allele frequency. Alleles B*13, B*38,
B*49, B*54, B*56, B*78 and B*82 were absent in the HIV-1-positive
IDU group, whereas no absence were observed in the HIV-1
negative control group. Although some differences in the allele
frequencies could be observed between the two groups, none of
these was statistically significant (p > 0.05).

The composition of the HLA-B genotypes of this IDU group was
quite diverse, with few common genotypes among the 255
individuals studied, resulting from the combination of the four
more common alleles cited above: 6 individuals presented the
B*15:B*35 genotype; 3 presented the B*15:B*44 genotype; 4
presented the B*15:B*15 genotype and B*15:B*51 was found in 7
individuals. HLA-B heterozygous genotypes were found in the
great majority of the individuals (N = 236), whereas the remaining
nineteen individuals carry homozygous genotypes (four in the
HIV-1 seropositive vs. fifteen in the seronegative IDU groups).

The frequencies of the HLA-B alleles in the IDU population (both
IDU groups) and those reported for the Brazilian population (data
deposited in the dbMHC), independent of the ethnic background,
are described in the Table 2. It is important to point out that B*15

Table 1
Distribution of HLA-B alleles among 48 HIV-1 seropositive IDUs and 207 HIV-1
seronegative IDUs (control group) from Rio de Janeiro, Brazil.

Allele HIV-1 seropositive HIV-1 seronegative p-value?® OR
2n =96 (control group)
2n=414
N Allele frequency N Allele frequency

B*07 7 0.073 21 0.051 0.390 1.47
B*08 2 0.021 24 0.053 0.196 0.35
B*13 0 0.000 5 0.019 0.590 0.00
B*14 4 0.042 21 0.055 1.000 0.83
B*15 17 0.177 44 0.123 0.054 1.81
B*18 2 0.021 13 0.039 0.748 0.66
B*27 2 0.021 5 0.012 0.619 1.77
B*35 7 0.073 33 0.099 0.823 0.91
B*37 2 0.021 2 0.005 0.158 4.47
B*38 0 0.000 11 0.031 0.230 0.00
B*39 3 0.031 14 0.043 1.000 0.92
B*40 3 0.031 9 0.022 0.706 1.45
B*41 3 0.031 4 0.014 0.122 3.37
B*42 2 0.021 12 0.029 1.000 0.71
B*44 9 0.094 33 0.085 0.652 1.19
B*48 1 0.010 2 0.007 0.460 221
B*49 0 0.000 12 0.027 0.135 0.00
B*50 3 0.031 6 0.019 0378 2.24
B*52 2 0.021 4 0.009 0.308 2.22
B*53 2 0.021 13 0.031 1.000 0.67
B*54 0 0.000 1 0.002 1.000 0.00
B*55 2 0.021 1 0.002 0.089 8.96
B*56 0 0.000 2 0.007 1.000 0.00
B*57 6 0.063 12 0.036 0.119 2.28
B*58 6 0.063 18 0.050 0.419 1.50
B*78 0 0.000 2 0.005 1.000 0.00
B*81 3 0.031 7 0.017 0.404 1.91
B*82 0 0.000 1 0.002 1.000 0.00

N = observed number of a HLA-B allele; 2n = total number of alleles (allele count);
OR = odds ratio.
¢ Chi-square test or Fisher’s exact test.

allele frequency is significantly increased (p = 0.039), while B*27
frequency is significantly decreased (p=0.032) in the IDU
population, compared to the Brazilian population data. The
observed differences in the frequencies of the others HLA-B alleles
were not statistically significant.

4. Discussion

In the present study we report, for the first time, the
distribution of CCR5 genotypes, as well as the distribution and
frequencies of HLA-B alleles in HIV-1 infected and uninfected IDUs
from Rio de Janeiro, Brazil.

The Brazilian population is genetically very diverse, with an
elevated degree of miscegenation among Caucasians, Africans and
Amerindians (reviewed by Alves et al., 2006) which might impact
polymorphisms observed for several human genetic markers.
Indeed, in an analysis of the distribution of HLA-B alleles in six
diverse populations worldwide, the greatest HLA-B variation was
detected within the Brazilian samples (Williams et al., 2001) and,
as proposed by the authors, such considerable heterogeneity may
reflect both ancient and recent mixing of ethnic groups.

Moreover, allele frequencies for HLA Class II alleles (Moraes
et al., 1993; Vanderborght et al., 2007) and distribution of B*39
subtypes have been reported for subjects living in Rio de Janeiro
(Moraes et al., 2004). Some studies have characterized the
distribution of HLA Class I and Class II alleles in populations from
other Brazilian regions (Goldberg et al., 1998; Louzada-Junior et al.,
2001; Monte et al., 2004; Nigam et al., 2004; Ruiz et al., 2005).
Despite the availability of HLA allele distribution, data reported by
some Brazilian studies, knowledge about the HLA allelic profile in
specific populations and their potential association with risk for
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Table 2
Frequencies of HLA-B alleles of the IDU population from Rio de Janeiro, Brazil, and
Brazilian population (data from the dbMHC?).

Allele IDU n=510 alleles Brazilian (IHWG) p-value® OR
n =184 alleles
N Allele frequency N Allele frequency

B*07 29 0.055 11  0.060 0.884 0.95

B*08 27 0.047 13 0.071 0.410 0.75

B*13 8 0.016 1 0.005 0.457 2.92

B*14 27 0.053 11  0.060 0.727 0.88

B*15 68 0.133 14 0.076 0.039 1.87

B*18 18 0.035 12 0.065 0.079 0.52

B*27 7 0.014 8 0.043 0.032 0.30

B*35 48 0.094 21 0.114 0.424 0.80

B*37 4 0.008 1 0.005 1.000 1.42

B*38 13 0.025 5 0.027 0.793 0.92

B*39 22 0.041 3 0.016 0.094 2.72

B*40 12 0.024 8 0.043 0.166 0.53

B*41 9 0.018 2 0.011 0.736 1.63

B*42 15 0.027 7 0.038 0.567 0.77

B*44 44 0.086 18 0.098 0.638 0.87

B*45 9 0.018 5 0.027 0.539 0.64

B*47 0 0.000 1 0.005 0.262 0.00

B*48 4 0.008 0 0.000 0.578 Undefined
B*49 12 0.022 4 0.022 1.000 1.08

B*50 11 0.022 6 0.033 0410 0.65

B*51 42  0.080 15 0.082 0.972 1.01

B*52 6 0.012 2 0.011 1.000 1.07

B*53 15 0.029 3 0.016 0.428 1.80

B*54 1 0.002 0 0.000 1.000 Undefined
B*55 3 0.006 2 0.011 0.610 0.53

B*56 3 0.006 0 0.000 0.571 Undefined
B*57 21 0.041 4 0.022 0.237 1.90

B*58 27 0.053 5 0.027 0.153 2.00

B*67 0 0.000 1 0.005 0.262 0.00

B*78 2 0.004 0 0.000 1.000 Undefined
B*81 10 0.020 1 0.005 0.304 3.66

B*82 1 0.002 0 0.000 1.000 Undefined

N = observed number of a HLA-B allele; 2n = total number of alleles (allele count);
OR = odds ratio.

2 dbMHC, the Major Histocompatibility Complex Database.
(http://www.ncbi.nlm.nih.gov/mhc).

P Chi-square test or Fisher’s exact test.

disease acquisition is far from comprehensive. These data may vary
considerably according to the studied population.

With respect to ethnic background, we verified that the IDU
population included in this study, although recruited by a non-
random sampling strategy, is roughly comparable to the general
population of Rio de Janeiro, since the proportions of Caucasians,
Mestizos, and Black individuals are similar to the stratification of
the general population from Rio de Janeiro (IBGE - Demographic
Census 2000. Available at: http://www.sidra.ibge.gov.br). With
exception of HLA-B*51 and B*45 that were respectively more
represented in Caucasian and non-Caucasian IDUs, all other alleles
were equally distributed in this population. Ethnicity information
retrieved from the IMGT/HLA Database for HLA-B*51 and HLA-
B*45 confirms their association with Caucasian and Black
populations, respectively (Hildebrand et al., 1992; Robinson
et al., 2003).

A protective immunity against HIV infection represented by
HIV-specific cytotoxic T-lymphocyte activity had already been
reported in studies involving seronegative individuals who have
been exposed to HIV without becoming infected (Rowland-Jones
et al., 1993, 1995). Another study showed that heterogeneity in
susceptibility to HIV-1 infection among highly exposed sex
workers is associated with several HLA alleles (MacDonald et al.,
2000), providing evidence that resistance to HIV-1 infection in the
cohort studied is immunologically mediated. Moreover, associa-
tions of Class I and Class Il HLA alleles and HIV-1 infection and
progression to AIDS were reported by several studies and reviewed

by some authors (Trachtenberg & Erlich, 2001; Carrington &
O’Brien, 2003; O’Brien & Nelson, 2004). Taken together, these
findings reinforce the essential role of HLA molecules in the
differential susceptibility/resistance to HIV-1 infection.

In the present study, none homozygous mutant A32/A32
individual was found. This was not surprising, since the frequency
of this genotype in the Caucasian population—the predominant
ethnic background of the 38 heterozygote IDUs found here (who
carry one mutant A32 allele)—is about 1% (Samson et al., 1996).
Among healthy and ethnically admixed individuals from the south
of Brazil, A32/A32 homozygotes had also not been detected
(Vargas et al., 2006). With regards to HIV-1, individuals who are
homozygous for CCR5A32 were recently considered as the only
well-characterized human population escape mutants (Telenti,
2005). Allelic frequencies of the mutant A32 allele are higher in
Caucasians (about 10%), and absent or very rare in Western and
Central Africa, Japanese and Amerindian populations (Samson
etal., 1996; Lucotte, 1997; Martinson et al., 1997). The mutant A32
allele frequencies reported here (0.021 for the HIV-1 seropositive
IDU group; 0.032 for the HIV-1 seronegative IDU group; and 0.031
overall) are similar to the overall frequency (0.022) reported for
three Brazilian population groups (Grimaldi et al., 2002). In this
study, Grimaldi and co-workers reported for the first time a
Brazilian A32 homozygous case among a German-descended
group of blood donors from Southern Brazil. In an analysis of
Spanish HIV-1 seropositive injecting drug users, the frequency of
the A32 mutant allele was 0.040 (Alvarez et al., 1998).

In the present paper, some alleles were found to occur more
frequently in one of the two IDU subgroups, but none of these
differences reached statistical significance. In the same way, we
found very similar proportions of CCR5 genotypes among infected
and uninfected IDUs. These observations speak in favor of future
large studies and efforts to integrate data from different individual
studies involving similar populations. Such large studies are
urgently needed in Brazil and most developing countries. Despite
this, the present report is a pioneer descriptive study of the
distribution of CCR5 genotypes and HLA-B alleles in the IDU
population from Rio de Janeiro, Brazil.
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